Chromosome analyses of 227 mature plants of the dioecious species Rumex acetosa collected on the small island of Skomer have revealed an extremely high level of unique and polymorphic variation. The three common polymorphisms in this species-supernumerary segments on chromosomes I and 6, and B-chromosomes-are widespread on the island and the frequency of supernumerary segment 1 is higher than in all 37 mainland populations previously studied. Novel variants, unknown elsewhere, occur in each polymorphism. Fourteen different chromosome rearrangements are unique to the island, and eleven of these were detected in 67 plants from a small area which had undergone a population crash in 1977. It is argued that the genome of R. acetosa is undergoing rapid reorganisation on this small island which may be associated with an enforced shift towards inbreeding in this dioecious species.
INTRODUCTION
Comparisons of the genetic structure of mainland and island populations have given insights into many micro-evolutionary processes. Since island populations are likely to have arisen from a limited number of founders (Mayr, 1954) then the expectation is that these populations should be more homogeneous than those on the adjacent mainland with a reduction in average heterozygosity and number of alleles per locus (Nei et a!., 1975) .
Studies of some species support this contention (Ayala et al., 1971; Glover and Barrett, 1987) although in others there are no differences between island and mainland populations in allele number or average heterozygosity as assessed from isozyme studies, even where morphological differentiation is evident. Such is the case in the mouse populations of the islands around the coasts of Britain (Berry and Murphy, 1970) .
Few comparative genetic studies of island and mainland populations of flowering plants have been made (Glover and Barrett, 1987) and there are no reports of chromosomal comparisons comparable to those involving the inversion systems in Drosophila. The dioecious flowering plant
Rumex acetosa is a suitable species for a chromosomal study because of its extreme cytological heterogeneity. In British mainland populations, the Y-chromosomes of the males show such variability in structure that on average every other male is identifiable Parker, 1986, 1987) . In addition, there are three widespread polymorphisms (Wilby and Parker, 1988) , and novel structural rearrangements are generated with a frequency of about I in 50 individuals per generation (Wilby, 1987) . Thus there is sufficient diversity of karyotypes, particularly in males, to allow comparisons of cytological structure in mainland and island populations to be made. The cytological structure of populations of R. acetosa on the small island of Skomer which lies off the coast of the Welsh county of Dyfed are reported here. R. acetosa is abundant on this island, occupying a variety of habitats. As well as affording a comparison with mainland populations, the island provides an opportunity to examine the effects of a recent bottleneck: the population of a part of the island crashed in 1977 and recolonisation of this area from a known small group of survivors is under way. Three widespread polymorphisms are found in R. acetosa. Small telocentric B-chromosomes are frequently encountered. They are unstable and vary in number between cells, tissues and organs so an exact estimate of frequency cannot be made. In addition heterochromatic supernumerary segments are found on the short arms of chromosomes I and 6 (figs. 3 and 4). On mainland Britain SS1 is a low-frequency polymorphism while SS6 reaches higher proportions in populations (Wilby and Parker, 1988) . The polymorphic segments on chromosomes I and 6 (SSI and SS6), widespread on the mainland, are both found on Skomer. The chromosome frequency of SS1 ranges from 008 (SV) to 025 (EX), an average frequency of 015 (table 2). The frequency of SSI in the Exciosure is higher than in any of the 37 mature or seed-grown populations from the mainland so far studied (Wilby and Parker, 1988) . Interestingly, the highest mainland frequency (0.20) has been found at Tintagel, Cornwall, on a west-facing coastal heathland similar in environment to western Skomer.
The SS1 chromosome is morphologicallyconstant on the mainland and only one variant chromosome-with a small deletion-has been found. On Skomer, however, a novel SS1 occurs in two Exciosure plants and three from the adjacent Skomer Head plants, suggesting that the variant arose in this area. The segment is about twice the standard size ( fig. 4 ) and all the additional material is heterochromatic. This variant has presumably arisen from the SSI by unequal crossing-over or another method of heterochromatin "growth". fig. 6 ). Thus each of the three widespread polymorphisms have chromosome variants which appear to be unique to this small island.
(ii) Other chromosome variants In addition to the three variants of the common polymorphisms, a further eleven structural changes affecting the X-chromosome and the autosomes have been detected in the island populations (table 3) . Three different interchanges have been found, two in plants from the Garland Stone samples and one in a plant from the Exclosure. Two are wholearm exchanges (autosomes 4/5 and 3/6) while the third, an X/2 exchange, has break points in inter. stitial locations ( fig. 10) . 
DISCUSSION (i) Y-chromosome hypervariability
The pattern of Y-chromosome variability described in R. acetosa showed that, on average, every second male in a population was identifiable, that all populations have distinctive patterns of Y-variation, and that large and small populations are equally variable Parker, 1986, 1987) . The number of Y-variants detected on the small island of Skomer is as high as on the mainland. This is remarkable since it would be expected that small island populations should be descended from a relatively small number of colonisers, the Founder Principle of Mayr (1954) . The massive Y-variation on Skomer presumably depends on the high rate of mutation; controlled crosses indicate a rate of I in 80 Y chromosomes per generation for centromere relocation (Wilby, 1987) .
At the small distances between samples on
Skomer it is possible to trace some similarities in Y-constitution between populations. No pairs of samples, however, hold more than three variants in common. Even the Exciosure and Skomer Head samples are no more similar than any other pair despite the fact that the two areas abut and that the parents of the Skomer Head recoloniser plants were located within the Exclosure.
(ii) The level of karyo type heterogeneity
In natural populations it is supposed that between 1 in 200 and I in 500 individuals carry a unique chromosome rearrangement (White, 1973; Hewitt, 1979) . This figure may well be too low by an order of magnitude, at least in some species such as the liliaceous plant Scilla autumnalis (Parker et a!., 1985) . In R. acetosa plants grown from wildcollected seeds about 1 in 50 carry a novel structural rearrangement. Thus R. acetosa appears to have a very high rate of spontaneous chromosome mutation. Even this rate, however, seems low when we consider the cytological structure of the mature populations of the very small island of Skomer: 14 chromosome variants limited to the island in only 227 plants. These rearrangements affect both the widespread polymorphisms found commonly in this species-supernumerary segments and Bchromosomes-and the standard complement. Six variants were detected once only and represent non-polymorphic variation while four rearrangements were detected in five or more plants and can be considered as reaching polymorphic proportions. Two of these polymorphisms-the large SS1
and the X-chromosome with a heterochromatic block-were limited to plants around Skomer Head while the SS6 variant and the centric shift on six were more scattered over the island, in five and three samples respectively. The enhanced level of chromosome variation on Skomer is strikingly and non-uniformly distributed, with the vast majority detected in the 67 plants from Skomer Head and the Exclosure. In this small area 11 of the 14 variants were detected and eight of them were exclusive to this region.
By contrast, no more than two variants were found in any other population. Thus although the level of chromosome variation on Skomer is enhanced over general levels for this species, at the extreme western end of the island the whole genome is apparently undergoing rapid reorganisation. This is particularly striking amongst the 37 Skomer Head recolonising plants which carry four variants not shared by the presumptive parental population within the adjacent Exclosure. The close relatedness of these two samples is emphasised, however, by four variants held in common.
What can account, then, for this genomic revolution? A possible explanation may be relaxation of selection pressures associated with reduced competition in recoloniser, and thus rapidlyexpanding, populations. One of the most convincing, and indeed one of the earliest, reports of this relationship is in the butterfly Melitaea aurinea which showed a dramatic rise in wing-pattern variants with explosive population increase (Ford, 1964 (Rees, 1961; Jones, 1969) . This has also been demonstrated in the grasshopper Pyrgomorpha kraussii in which meiotic collapse attendant upon inbreeding was accompanied by a burst of structural rearrangements in the germ-line (Lewis and John, 1959) . There is an absence of observations of such inbreeding-associated increases in chromosome mutation rates in natural populations but the experimental evidence suggests that this should occur. In R. acetosa, if inbreeding is associated with this genomic revolution, then we have the intriguing possibility of reduced overall heterozygosity at the genie level accompanying massive heterogeneity at the chromosome level.
Recently Walbot and Cullis (1985) have reviewed the case for rapid genomic changes in plants. They propose that the plant genome is in a state of flux with changes in the molecular architecture a standard feature of growth and development. Interestingly, a common theme linking the examples they give is that stress conditions are involved. This stress may be internal, and has been categorised as the "stressful genome" by McClintock (1978) . In maize, the transposable element family Ac/Ds acts as a focus for continuing chromosome instabilities on the chromosome into which they are inserted. Similarly in Drosophila random insertion of the transposable elements of the I-R and P-M hybrid dysgenesis systems lead to rearrangements affecting all chromosomes of the complement (Bregliano and Kidwell, 1983; Engels and Preston, 1984) . in this present paper rapid reorganisation affecting the whole genome is reported. Perhaps we have identified here a group of plants in which the genome has become unstable as a result of either external or internal stress. The chromosomal rearrangements are
clearly transmissible and such populations may act as foci for chromosome evolution..
